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osting by EAbstract Background: Off pump coronary artery bypass grafting (OPCABG) is gaining world
wide acceptance as the preformed choice for myocardial revascularization. However, no deﬁnite
data exist as to whether it is better than conventional coronary artery bypass grafting (CABG).
Objective: We aimed to compare the incidence of complications and early outcomes between the
conventional CABG and OPCABG.
Methods: Between October 2007 and April 2008, 40 patients underwent CABG, 30 pts had been
subjected to OPCABG (group I) and 10 pts underwent pump surgery (group II). Analysis of in hos-
pital mortality, perioperative and postoperative courses and clinical outcomes were performed.
Results: The perioperative data showed that on pump group exhibited signiﬁcant higher number of
grafts/pt (2.6 ± 0.9 vs 1.5 ± 0.6, P: 0.05), higher incidence of arterial grafts (73% vs 10%,
P< 0.05) more blood loss (1300 ± 650 ml vs 750 ± 550 ml, P< 0.05) and more need for colloid
and crystalloid transfusions (1250 ± 480 ml and 2100 ± 450 ml vs 550 ± 350 ml and 1300 ±
250 ml, P< 0.05) as compared to off pump group, respectively. In addition, the incidence of
postoperative atrial ﬁbrillation is higher in on pump as compared to off pump group (70% vs
10%, P< 0.001), respectively. The incidence of pts who need prolonged mechanical ventilation
(>6 h), was also higher in on pump as compared to off pump group (50% vs 3.3%, P< 0.001).m (A. El Naggar).
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44 A. El Naggar et al.The overall incidence of postoperative complications including acute renal failure, MI, wound infec-
tion, and duration of hospital stay are also higher in on pump group as compared to OPCABG.
Conclusion: Off pump CABG is safe and associated with good clinical outcome and can be consid-
ered alternative to conventional CABG as treatment modality for surgical coronary revasculariza-
tion but this will need large scale study to establish this technique.
ª 2011 Egyptian Society of Cardiology. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Since 1968, coronary artery bypass grafting (CABG) with car-
diopulmonary bypass (CBP) was widely adopted as it provides
a motionless and bloodless ﬁeld, which allows surgeons to con-
struct an optimal anastomosis on the diseased coronary ar-
tery.1 However, CPB has been recognized as a potentially
avoidable hazard.2 In conventional CABG, the use of the
CPB machine hemodilution and anticoagulation, result in
coagulopathies, activation of the hemostatic system, and a
myriad of other clinical sequelae. Clinically adverse effects in-
clude lowered intravascular colloidal oncotic pressure, release
of vasoactive substances into plasma and platelet damage. Car-
diopulmonary bypass also causes systemic inﬂammation
through the activation of blood constituents. The vasoactive
substances, enzymes, and microemboli produced by the activa-
tion of these protein systems and cells are the cause of morbid-
ity associated with CPB. The activation of platelets reduces
platelet numbers and this causes increased postoperative bleed-
ing times.3
Organ damage is also a possibility due to the use of CPB.
Postoperative neuronal damage can result from cerebral hy-
poxia, but is more often due to microembolism. Renal function
is depressed during CPB time due to reduced ﬂow rate, de-
creased blood pressure and continuous instead of pulsatile
pumping. Since renal arterial pressure is reduced, there is re-
duced urine output as well.
There is also a possibility of hepatic congestion and alter-
ation of hepatic function following bypass. The interaction be-
tween these processes and cascades, and their contribution to
end organ injury are complex. This morbidity and mortality
presumably arising from the CPB may possibly be avoided,
if the use of the CPB is abandoned by the OPCAB procedure.3
Therefore, off pump coronary artery bypass (OPCABG)
continued to be performed by many surgeons, with the hope
of improving outcomes and lowering cost especially in high
risk patients.4,5
Proponents have continued to examine the efﬁcacy of OP-
CABG procedures in comparison with conventional CABG
with CBP, but controversy exists on the selection of patients
who are most likely to beneﬁt from the procedure and on
the claims of improved outcome.6
Due to the great improvement in technology which resulted
into an optimal operative ﬁeld, the ability to perform coronary
anastomosis on the beating heart has increased; many authors
have shown that even patients with multivessel coronary artery
disease can be successfully revascularized with the use of off
pump techniques; therefore, OPCABG has become a real
alternative.7,8
The aim of this study is to assess the early outcomes of pa-
tients who underwent OPCABG vs conventional CABG with
CPB.2. Methods
This study is a case control analytic study that was conducted
in order to assess the degree of improvement of LV function
and early outcome after CABG either on or off pump surgery.
The study was conducted in EL Maadi Military Hospital from
the period of October 2007 to April 2008. This study included
40 patients, 30 patients had been subjected to OPCABG
(group I) and 10 patients underwent pump surgery (group
II). All patients included in the study were subjected to full his-
tory, local and general examination, routine laboratory inves-
tigations, imaging study before surgery that includes carotid
duplex (For pts >50 years) and arterial duplex on both limbs
for arterial graft.
Early outcomes that were addressed are early extubation,
blood loss, blood transfusion, atrial ﬁbrillation (AF), acute re-
nal failure (ARF); characterized by creatinine rise >2 mg/dL
postoperatively, wound infection, strokes, myocardial infarc-
tion (MI) and 30 days postoperative mortality.
2.1. Surgical technique and procedure
2.1.1. Conventional CABG (on pump)
All operations were performed through a median sternotomy.
Standard techniques of CPB were used. Both antegrade and
retrograde blood cardioplegia cannulas were placed. The aorta
was cross-clamped, the distal anastomoses were ﬁrst per-
formed, followed by the proximal anastomoses. Full heparini-
zation was used. Heparin was reversed following weaning from
the CPB. The LIMA to LAD graft was used, where possible,
and was constructed ﬁrst, then followed by vein grafts to other
vessel.
2.1.2. Off pump CABG
All operations were performed through a median sternotomy.
The order of grafting was the LIMA to LAD, followed by
other vessel conduits. The Octopus tissue stabilizer (Medtron-
ic, Minneapolis, MN, USA) was used to stabilize the beating
heart to perform distal anastomoses. Coronary shunts were
used to maintain target vessel hemostasis.
3. Results
3.1. Clinical and demographic characteristics of both groups
Table 1
3.1.1. Group I (off pump CABG)
This group included 30 patients; 22 males (73.3%) and 8 fe-
males (26.7%), with a mean age of 53 ± 7.2 years. Eleven pa-
tients (36.7%) had hypertension, 10 patients (33.3%) were
known to be diabetic, 21 (70%) were smokers, 11 patients
(36.7%) had dyslipidemia, 6 patients (20%) had positive









M± SD 52 ± 7.2 52 ± 6.8 NS
Males 22 (73.3%) 7 (70%) NS
Females 8 (26.7%) 3 (30%)
Hypertension 11 (36.7%) 4 (40%) NS
Diabetes mellitus 10 (33.3%) 3 (30%) NS
Smoking 21 (70%) 6 (60%) NS
Dyslipidemia 11 (36.7%) 5 (50%) NS
Obesity 10 (33.3%) 2 (20%) NS
+ve F.H. 6 (20%) 2 (20%) NS
NYHA class
Class I 9 (30%) 3 (30%)
Class II 14 (46.7%) 6 (60%) <0.05
Class III 7 (23.3%) 1 (10%)
Angina class
Class 1 2 (6.7%) 2 (20%)
Class 2 7 (23.3%) 3 (30%) <0.05
Class 3 15 (50%) 5 (50%)
Class 4 6 (20%) 0 (0%)
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tients (33.3%) were obese. Nine patients (30%) had NYHA
class I, 14 patients (46.7%) had NYHA class II, 7 (23.3%)
were in NYHA class III. As regards the angina class, 2 patients
(6.7%) had angina class 1, 7 patients (23.3%) had angina class
2, 15 patients (50%) had angina class 3, and 6 patients (20%)
had angina class 4.
3.1.2. Group II (on pump CABG)
This group included 10 patients with a mean age of
52 ± 6.8 years, there were 7 male (70%) and 3 females
(30%). Four patients (40%) had hypertension, 3 patients
(30%) were known to be diabetic, 6 patients (60%) were smok-
ers, 5 patients (50%) had dyslipidemia, 2 patients (20%) had
positive family history of CAD and 2 patients (20%) were
obese.
As regards the NYHA class, 3 patients (30%) had NYHA
class I, 6 patients (60%) had NYHA class II and one patient
(10%) exhibited class III. As regards the angina class, 2 pts
(20%) had class 1, 3 pts (30%) had class 2 and 5 pts (50%)
had class 3.
There was no statistically signiﬁcant difference between
both groups regarding age, sex, and risk factors. However,
the dyspnea and functional class and angina class tend to be
higher among off pump CABG group than among the on
pump CABG.Table 2 Angiographic data of both groups.
Group I (oﬀ pump) n= 30
Single vessel 3 (10%)
Double vessels disease 12 (40%)
Triple vessels disease 11 (36.7%)
Left main disease 4 (13.3%)3.1.3. Angiographic data of both groups: Table 2
The patients in group I (off pump) had tendency to have mul-
tivessel disease than those in group II (on pump). In group I,
there were 11 patients (36.7%) who had triple vessel disease
vs no patients in group II, 12 patients (40%) had double vessel
disease vs 6 patients (60%) in group II; however, there were
only 3 pts (10%) who had single vessel disease in group I vs
4 pts (40%) in group II. In addition, the left main disease
was signiﬁcantly higher among the off pump group (13.3%)
vs no patients in group II.
3.1.4. Intra-operative data of both groups: Table 3
As compared to the off pump group (group I) the patients in
group II (on pump) exhibited higher number of grafts/pts
(2.6 ± 0.9 vs 1.5 ± 0.6, P< 0.05) more prevalence of arterial
grafts (75% vs 10%, P< 0.001) with greater amount of
colloid and crystalloid transfused (1250 ± 480 ml vs 550 ±
350 ml, P< 0.05) and (2100 ± 450 ml vs 1300 ± 250 ml,
P< 0.05), respectively, more uses of inotropic agents (50%
vs 13.3%, P< 0.05) and higher incidence of complete revascu-
larization (80% vs 40%), P< 0.01).
3.1.5. Early postoperative complications Table 4
There were higher incidences of early postoperative complica-
tions among patients in on pump group compared to those in
off pump group as regards the number of pts who need more
than 24 h mechanical ventilation (50% vs 3.3%, P< 0.001),
occurrence of bleeding (20% vs 3.3%, P< 0.05) pericarditis
(30% vs 3.3%, P< 0.05), atrial ﬁbrillation (70% vs 10%,
P< 0.001), myocardial ischemia (20% vs 3.3%, P< 0.05),
stroke (10% vs 0%), acute renal failure (10% vs 0%) sternal
wound infarction (20% vs 0%) and in hospital stay periods
(9 ± 5 vs 4.5 ± 3 days < P< 0.01), respectively.
4. Discussion
One of the most hotly debated and polarizing issues in cardiac
surgery has been whether coronary artery bypass grafting
(CABG) without the use of cardiopulmonary bypass or cardi-
oplegia (off pump CABG, or OPCABG) is superior to that
performed with the heart lung machine and the heart’s being
chemically arrested (standard CABG). Various clinical trials
are reviewed comparing the 2 surgical strategies, including sev-
eral large retrospective analyses, meta-analyses, and the ran-
domized trials that address different aspects of standard
CABG and OPCABG.9
In our study the mean number of grafts, prevalence of arte-
rial grafts, the amount of blood transfusion, the amount of col-
loids and crystalloids transfused were signiﬁcantly higher
among the on pump group than among the off pump group.





Table 4 Early postoperative outcomes.
Group I (oﬀ pump) n= 30 Group II (on pump) n= 10 P value
Mechanical ventilation (>24 h) 1 (3.3%) 5 (50%) <0.001
Bleeding 1 (3.3%) 2 (20%) <0.05
Pericarditis 1 (3.3%) 3 (30%) <0.05
Atrial ﬁbrillation 3 (10%) 7 (70%) <0.001
Myocardial ischemia or infarction 1 (3.3%) 2 (20%) <0.05
Stroke 0 1 (10%) –
Acute renal failure 0 1 (10%) –
In hospital stay periods (day) 4.5 ± 3 9 ± 5 <0.01
Wound infection 0 2 (20%) –
Table 3 Intra-operative data.
Group I (oﬀ pump)
n= 30
Group II (on pump)
n= 10
P value
Number of grafts/pt 1.5 ± 0.6 2.6 ± 0.9 <0.05
Vascular conduits
Arterial grafts 10% 73%
Venous grafts 90% 27% <0.001
Inotropic support 4 (13.3%) 5 (50%) <0.05
Amount of blood loss
(mL)
750 ± 550 1300 ± 650 <0.05
Colloids transfused (mL) 550 ± 350 1250 ± 480 <0.05
Crystalloids transfused
(mL)
1300 ± 250 2100 ± 450 <0.05
Total revascularization 12 (40%) 8 (80%) <0.01
46 A. El Naggar et al.non-ST elevation and early graft occlusion occurred in 20% of
patients in on pump group vs 3.3% in off pump group. Atrial
ﬁbrillation occurred more frequently in on pump vs off pump
group (70% vs 10%), respectively. Prolonged mechanical ven-
tilation (>24 h) had been observed in 50% of the patients in
on pump vs 3.3% in off pump group. In addition the incidence
of cerebrovascular accident, acute renal failure and wound
infarction are higher in on pump as compared to off pump
group. The hospital turnover of patients is rapid in off pump
as compared to on pump group (4.5 ± 3 vs 9 ± 5 days,
P< 0.01), respectively. In general the overall incidence of
postoperative complications was signiﬁcantly higher in the
on pump than the off pump CABG group.
Our results agreed with that of Mack et al. who reviewed
17,401 patients (7283 OPCABG) who underwent surgery be-
tween 1999 and 2001. They found that the rate of complica-
tions was signiﬁcantly lower in the OPCABG group,
including overall number of complications, use of blood prod-
ucts, wound infection, reoperation for bleeding, atrial ﬁbrilla-
tion, stroke, gastrointestinal and respiratory complications,
renal failure, MI, and multi-organ failure. The authors con-
cluded that OPCABG is associated with less morbidity and
mortality and that patients at high risk tend to yield the most
beneﬁt (i.e., women, older adults, and patients undergoing
reoperation).10
Results of the current study also agreed with the study of
Sabik et al. who studied retrospectively a series of 812 propen-
sity matched patients in the Cleveland Clinic. Both the stan-
dard CABG and OPCABG groups were matched with
regard to multiple preoperative variables, except that the
NYHA classiﬁcation was higher in the standard CABG group.Standard CABG patients received a greater number of bypass
grafts (3.5 ± 1.1 vs 2.8 ± 1.0, P< 0.001). The incidence of
perioperative complications including death, stroke, and MI
were signiﬁcantly higher in the on pump CABG group.11
Our results also are in agreement with a single institutional
trial that was undertaken by Straka and colleagues in the
Czech Republic. This study involved 400 consecutive, unse-
lected patients randomized to standard CABG or OPCABG.
The number of distal anastomoses for patients was higher in
the standard CABG group (2.7 vs 2.3, P< 0.001). The total
blood loss was higher in the standard CABG group, but the
number of transfused patients and re-operations for bleeding
was not signiﬁcantly different. The authors concluded that
the OPCABG strategy can be applied widely to unselected pa-
tients and is as safe and effective as conventional standard
CABG.12
The results of a single institutional trial that was reported
from Emony University in which 200 patients, who were ran-
domized to either standard CABG or OPCABG, showed no
signiﬁcant differences between the two groups in terms of
failure and/or dialysis, wound infections, or operative time.
The number of grafts for patients was 3.4 ± 1.0 in the OP-
CABG group vs 3.4 ± 1.1 in the standard CABG group
(P: NS). Thus, in this study, the completeness of revascular-
ization was not different between groups. Fewer patients re-
quired red cell transfusion postoperatively (26% vs 44%, P:
0.07) in the OPCABG group than in the standard CABG
group. The authors’ conclusions were that the OPCABG
strategy provides complete revascularization with reduced
myocardial injury, transfusion requirements, and length of
stay.13
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CABG, analysis of in hospital complications revealed that
9.7% of the patients had atrial ﬁbrillation, 2.7% developed
MI, 1.4% had postoperative stroke and 1 pt had deep sternal
wound infection. All patients were extubated within the ﬁrst
6 h after surgery and the average number of graft per patient
was 2.6. They concluded that off pump CABG seems to be a
safe procedure and has reasonable early outcome.14
The same ﬁndings were also noticed in a trial that studied
the efﬁcacy of safety of OPCABG in the Asian population.
They found a reduction in the number of postoperative
complications, hospital stay, ICU stay, and mortality among
patients who underwent OPCABG.15
On the other hand, a multicenter study involved 281 pa-
tients, 142 of whom underwent OPCABG. The mean number
of grafts was similar in both groups, with 2.6 in the standard
CABG group and 2.4 in the OPCABG group. No signiﬁcant
difference was observed between groups in the primary com-
posite end points of freedom from death, MI, stroke, and
revascularization. No signiﬁcant difference was observed be-
tween groups with regard to the secondary end points of free-
dom from angina and myocardial ischemia (as demonstrated
by exercise stress test). Seventy patients (63.6%) underwent
angiography at 1 year (42 on pump and 28 off pump). Unfor-
tunately, 36.4% of patients declined to undergo angiography
because of a lack of symptoms. In contrast to the prior study,
no signiﬁcant difference in graft patency was seen between the
groups. Overall patency rates were 93% and 91%, respectively,
in the CABG and OPCABG groups (absolute difference,
2.0%, CI = 6.5 to 10.4). Nathoe et al. concluded that there
was no signiﬁcant difference in the clinical outcome between
CABG and OPCABG.16
Our results are also not in agreement with a multicenter pro-
spective randomized study performed by Gerola and colleagues
in Brazil that involved 160 selected low risk patients with 1- or
2-vessel coronary artery disease. They found no signiﬁcant dif-
ference inMI, postoperative blood loss, need for blood transfu-
sion, wound infections, neurological dysfunction, or atrial
ﬁbrillation between OPCABG and conventional CABG.17
5. Conclusion
In conclusion there has been rebirth of the OPCABG during the
last decade and the advantage associated with the use of this
technique is repeatedly emphasized. Due to the innovative tech-
nical developments, OPCAB can now be safely offered to pa-
tients with multivessel coronary artery disease. It must be
emphasized however that despite early reports of good results,
long term studies are needed to encourage the use of this
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